Abstract. Zenith plummets are used mainly in applied geodesy, in civil engineering surveying, for materialization of the local vertical. The error of the vertical deflection of the instrument is directly transferred to the error of the observing construction. That is why a proper calibration procedure for the zenith plummet is required. Metrological laboratory of the Faculty of Civil Engineering in Belgrade developed such calibration procedure. Here we present a mathematical model of the calibration and some selected results.
Introduction
Zenith plummet (or, zenitlot) is a surveying instrument designed for precise centering and collimation. It is intensively used in engineering geodesy [6, 9] , during the monitoring of high objects, such as buildings, towers, etc. Another area where of this type of instrument plays a significant role is mining, where zenith plummets are used for transfer of the points on the ground into the mine holes, to connect the underground control networks with those on the ground [3, 8] .
Background and methods
The instrument lens is situated on the upper side of the instrument. When placed properly in the horizontal plane, the lens points to the direction of the local zenith, materialized by the crossing of two mutually orthogonal threads.
The accuracy of zenith plummet is expressed in arcseconds or in mm/100 m. The usual accuracy lies in the range 0.5" -1.0", which means 1 mm/100 m -2 mm/100 m. The accuracy of materializing the local vertical depends on the accuracy of levelling the instrument. To increase the accuracy and make the procedure of levelling quicker and more efficient, the manufacturers incorporate compensator systems into the zenith plummets. One of the constructions is depicted in Fig. 1  [1] , where the internal construction of Zeiss PZL-100 is given. The accuracy of 1" is assured by the principle of a set of prisms, where the whole compensator system hangs freely, providing the plumb line.
As other surveying instruments, there is a need for defining the calibration procedures for zenith plummets, to test and assure the measuring characteristics of the instrument used for precise determinations of the deflections of the vertical direction.
The metrological laboratory of the University of Belgrade, Faculty of Civil Engineering (ML160) has developed such procedure, used regularly for a number of zenith plummets with different constructions.
We prepared the working manuals for all type of instruments for which calibration we are accredited for. The scope of the working manual [7] is the calibration of zenith plummets. It is based on ISO standards [4] and [5] . The terminology is aligned according to [2] .
Results and discussion
We placed a rectangular board ( Fig. 2) with the orthogonal network of lines at the ceiling with the height h 1 , calculated from the floor. Since the instrument is mounted on the height h 0 from the floor, the actual height from the instrument to the ceiling h is: 
The average values of the quasi-observation for the 10 series of measurements are:
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The residuals of the quasi-observations are calculated according the the equations:
where x j r is the residual along the x axis and y j r is the residual along the y axis.
The final results are given in the form of the following expressions: ¦ is the total sum of the residual squares.
Let us introduce the degrees of freedom:
In (15), v x and v y are the degrees of freedom fot the x and y components, respectively. Therefore, 10 2 18
is the total degree of freedom. Finally, the standard deviations of te quasiobservables are obtained as: 
with:
-s x -standard deviation of the x component of the point transferred to the height h determined from the both telescope faces, -s y -standard deviation of the y component of the point transferred to the height h determined from the both telescope faces, -s -standard deviation of the point transferred to the height h determined from the both telescope faces, Then, the precision of the measurement is:
The estimated vertical deflection of the line-of-sight d can be developed from the quasi-observables dx and dy :
The experimental standard deviation s d [2] of the deflection d j is calculated according to the following equation [5] :
The experimental standard deviation of the deflection d j at the distance of 100 m is obtained by [5] :
The extended measurement uncertainty is type A [2] and we calculated it by multiplying the expression (23) by the extension factor 2 k = . The layout of the calibration report for a Wild zenith plummet is given in Fig. 4 . The report contains all measurements and developed quantities.
The report heading contains the information about the calibrated instrument. After that, raw measurements and intermediate quantities are presented in a tabular form:
Ȃ columns 2-5 comprise the readings for x and y axis in two faces, Ȃ the deflections are calculated in columns 6 and 7, Ȃ columns 8 and 9 represent the averages of raw measurements, and Ȃ the residuals are given in columns 10-13. The lower part of the report contains the measurement conditions and the final results, which we incorporate into the calibration report, which is transferred to the owner of the instrument. 
Conclusion and remarks
The calibration procedure for the zenith plummets is a standard procedure, written following the ISO-17123 standard.
Nevertheless, two different controls take part in ML160 quality checks, which are realized several times a year.
One of the sources of error is the operator error. To test this error, the members of ML160 do the calibrations of the same instrument, where we check the congruence of operator errors.
Also, we perform regularly inter-laboratory comparisons with different metrological laboratories, where the results of our calibrations for the same instrument are tested.
